ᮀ Application of hormesis in aging research and interventions is becoming increasingly attractive and successful. The reason for this is the realization that mild stress-induced activation of one or more stress response (SR) pathways, and its consequent stimulation of repair mechanisms, is effective in reducing the age-related accumulation of molecular damage. For example, repeated heat stress-induced synthesis of heat shock proteins has been shown to have a variety of anti-aging effects on growth and other cellular and biochemical characteristics of normal human skin fibroblasts, keratinocytes and endothelial cells undergoing aging in vitro. Therefore, searching for potential hormetins -conditions and compounds eliciting SR-mediated hormesis -is drawing attention of not only the researchers but also the industry involved in developing healthcare products, including nutriceuticals, functional foods and cosmeceuticals. Here we present the example of a skin care cosmetic as one of the first successful product developments incorporating the ideas of hormesis. This was based on the studies to analyse the molecular effects of active ingredients extracted from the roots of the Chinese herb Sanchi (Panax notoginseng) on gene expression at the level of mRNAs and proteins in human skin cells. The results showed that the ginsenosides extracted from Sanchi induced the transcription of stress genes and increased the synthesis of stress proteins, especially the heat shock protein HSP1A1 or Hsp70, in normal human keratinocytes and dermal fibroblasts. Furthermore, this extract also has significant positive effects against facial wrinkles and other symptoms of facial skin aging as tested clinically, which may be due to its hormetic mode of action by stressinduced synthesis of chaperones involved in protein repair and removal of abnormal proteins. Acceptance of such a hormesis-based product by the wider public could be instrumental in the social recognition of the concept of hormesis as the beneficial effects of mild stress of choice, and will encourage the development of novel health care products with physical, nutritional and mental hormetins.
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INTRODUCTION
Hormesis in aging is defined as the life supporting beneficial effects resulting from the cellular responses to single or multiple rounds of mild stress (Rattan, 2004a; 2004b; . Various mild stresses that have been reported to delay aging and prolong longevity in cells and organisms include thermal shock, irradiation, heavy metals, pro-oxidants, electromagnetic field, hypergravity, exercise and food restriction (Le Bourg and Rattan, 2008; 2010a) . Hormesis is also one of the most likely explanations for the health beneficial effects of various foods and their components, including spices, flavanoids and polyphenols (Hayes, 2007; Wiegant et al., 2009; Hayes, 2010; Demirovic and Rattan, 2011; Lima et al., 2011) .
The operating principle behind hormesis is that low levels of stress from physical, chemical and biological stressors often result in the functional improvement of cells, tissues, organs and organisms -a phenomenon termed physiological hormesis (Calabrese et al., 2007; Mattson, 2008a; . A crucial aspect of the stress response (SR) is that it is not monotonic with respect to the dose of the stressor, rather it is almost always characterized by a nonlinear biphasic relationship. Several meta-analyses performed on a large number of papers published in the fields of toxicology, pharmacology, medicine, and radiation biology have led to the conclusion that the most fundamental shape of the dose response is neither threshold nor linear, but is U-or inverted U-shaped, depending on the endpoint being measured (Calabrese et al., 2007; Calabrese, 2008) . In this article, we first present a brief review of the logic for the application of hormesis in aging interventions based on the current understanding of the biological basis of aging, and then discuss a case study in the development of a novel skin care cosmetic based on these ideas.
AGING AS THE SHRINKAGE OF THE HOMEODYNAMIC SPACE
Aging is an emergent, epigenetic and a meta-phenomenon, which is not controlled by a single mechanism. Although individually no tissue, organ or system becomes functionally exhausted even in very old organisms, it is their combined interaction and interdependence that determines the survival of the whole. Survival of an organism is a constant struggle between the occurrence of damage and the mechanisms of maintenance and repair. There are three major sources of damages within a cell: (1) reactive oxygen species (ROS) and free radicals (FR) formed due to external inducers of damage (for example ultra-violet rays), and as a consequence of cellular metabolism involving oxygen, metals and other metabolites; (2) nutritional components such as glucose and its metabolites, and their biochemical interactions with FR; and (3) spontaneous errors in biochemical processes, such as DNA duplication, transcription, post-transcriptional processing, translation, and post-translational modifications. Innumerable damaging events occur in cells constantly, but a wide range of molecular, cellular and physiological pathways of repair counteract them and assure survival. All these processes involve numerous genes whose products and their interactions give rise to a "homeodynamic space" or the "buffering capacity", which is the ultimate S. I. S. Rattan and others determinant of an individual's chance and ability to survive and maintain a healthy state (Rattan, 2006; .
An effective homeodynamic space or buffering capacity has three major characteristics: stress response (SR), the ability for damage prevention, repair and removal, and the ability for continuous remodeling and adaptation (Rattan, 2011) . One useful way of conceptualizing aging is the progressive shrinkage of the homeodynamic space during the period of survival beyond the natural lifespan termed essential lifespan (Carnes, 2011; Rattan, 2000a Rattan, , 2000b Rattan, 2011; Rattan and Clark, 2005) . A critical component of the homeodynamic space is the SR. In this context, the term "stress" is defined as a signal generated by any physical, chemical or biological factor (stressor), which in a living system initiates a series of events in order to counteract, adapt and survive. There are seven main pathways of SR intrinsic to cells: heat shock response (HSR), unfolded protein response (UPR), autophagy, antioxidant response, inflammatory response, DNA repair response and sirtuin response (Rattan and Demirovic, 2010a; 2010b) . Not all pathways of SR respond to every stressor, and although there may be some overlap, generally SR pathways are quite specific. The specificity of the response is mostly determined by the nature of the damage induced by the stressor and the variety of downstream effectors involved (Rattan and Demirovic, 2010a; 2010b) .
The seven major pathways of SR listed above can be used as the screening platform for discovering, testing and monitoring the effects of novel hormetins. Such hormetins may be categorized as: (1) physical hormetins, such as exercise, hypergravity, heat and radiation; (2) biological and nutritional hormetins, such as infections, micronutrients, spices and other natural and synthetic compounds; and (3) psychological hormetins, such as mental challenge and focused attention or meditation. Several review and research articles have been published with respect to testing potential anti-aging hormetins, such as heat shock, irradiation, hypergravity, curcumin, kinetin, rosmarinic acid, ferulic acid and food restriction (Barone et al., 2009; Berge et al., 2006; 2008; Birringer, 2011; Demirovic and Rattan, 2011; Le Bourg and Rattan, 2008; Mattson, 2008a; Rattan, 2008a; Lima, et al., 2011) .
PANAX NOTOGINSENG (SANCHI) AS A HORMETIN
A novel source of biological hormetin is the Sanchi ginseng, Panax notoginseng, cultivated in China for more than 400 years, and whose root components are claimed to have several medicinal properties including stanching the blood, dispersion of gore and reduction of the pain caused by blood diseases (Guo et al., 2010) . The main active components in this plant were identified to be saponins, flavonoids, dencichine and polysaccharides (Guo, et al., 2010) . Previously, an extract from the roots of a Korean wild ginseng Sansam (Panax ginseng) has been tested for its use as Hormetic cosmetic a cosmetic and a patent has been granted for its formulation (Choi et al., 2008) .
In LVMH Research Laboratories, one of the research areas being pursued is to test natural and synthetic compounds for their effects on human skin cells in vitro, and on human volunteers, with a view to identify, select and develop potential skin care cosmetics and cosmeceuticals. During the course of such studies in 2007, the roots of Panax notoginseng (Burkill, F.H. Chen), grown in the Wenshan, Yunnan province of China, were ground and extracted with ethanol, followed by the separation, concentration, discoloration and crystallisation yielding a mixture of saponins. The extracted and purified material had more than 95% saponins with ginsenosides Rb1 and Rg1 as the main constituents. In the preliminary studies performed to test the effects of the above extract on the expression of genes at the level of mRNA, it was found to induce the expression of one of the main stress response genes HSP1A1 or Hsp70 in human epidermal keratinocytes up to 6-fold, depending on the dose of Sanchi extract (Fig. 1) .
Following the above observations on the effect of Sanchi extract in the induction of stress gene expression, further detailed studies were performed with respect to the synthesis of the stress protein Hsp70 in human skin fibroblasts. These tests were done using a blinded-protocol with coded samples at an independent test laboratory "StratiCell" (http://www.straticell.com/) in Belgium under the supervision of the lead author of this article (SISR) during the period August to November 2009. For this purpose, normal human diploid fibroblasts (BJ-HDF), at about 50% lifespan completed in vitro were used under standard cell culture protocols for testing the effects of a compound on cell growth, survival and other biochemical characteristics (Demirovic and Rattan, 2011; Magalhaes et al., 2002; Rattan and Sodagam, 2005) . Cells were treated with various doses of Sanchi extracts (LVMH test compound labelled as LVMH2009/1), and were analysed for cell survival by using mitochondrial activity assay MTS and for stress proteins by Western blotting, respectively. The compounds were dissolved in the solvent dimethyl sulfoxide (DMSO) whose final concentration in cell culture medium was never more than 0.05%, and had no apparent biological effects on cells. Celastrol, a well known inducer of stress proteins, was used as an internal control (Hansen and Bross, 2010; Westerheide et al., 2004) Levels of three stress markers, Hsp70, Hsp32 and Nrf2 were determined by Western blot analysis of proteins, using respective antibodies and standard methods (Magalhaes et al., 2002) .
There was no negative effect on the viability of human cells exposed to DMSO, celastrol (750 nM) or Sanchi extract (250 µg/ml) for 24 hr, as determined by the MTT mitochondrial activity assay (data not shown). As regards the induction of stress proteins, Fig. 2 shows the results of the effects of Sanchi extract (250 µg/ml) and celasterol (750 nM) on the induction of Hsp70 synthesis within 6 hr of treatment. While celastrol also induced the synthesis of the other two stress proteins Hsp32 and Nrf2, Sanchi extract did not induce the synthesis of these proteins to any significant level (data not shown).
Induction of synthesis of Hsp70 protein by Sanchi qualifies it to be called a hormetin in accordance with the definition of hormetin as discussed above. Furthermore, the observed extent (about 24%) of induced synthesis of Hsp70 is within the limits of a hormetic response (Calabrese et al., 2007) . A similar induction of Hsp70 in human skin fibroblasts by another hormetic condition (mild heat shock) has been shown to associate with several biologically beneficial effects in human skin fibroblasts and keratincoytes undergoing aging in vitro, including lifespan extension, maintenance of youthful morphology, improved cellular functioning and enhanced abilities of maintenance and repair (Beedholm et al., 2004; Fonager et al., 2002; Nielsen et al., 2006; Rattan, 1998; 2005; Rattan and Ali, 2007; Verbeke et al., 2000 2001a; . Furthermore, pleiotropic role of Hsp70 including its activity as a protein chaperone, as an anti-inflammatory agent, and a stimulator of proteasomal degradation pathways suggest its potential benefits as an anti-aging protein (Daugaard et al., 2007; Liberek et al., 2008; Singh et al., 2006; Söti et al., 2005; Verbeke et al., 2001b) .
HORMETIN-CONTAINING COSMETIC PRODUCT
In parallel with the experiments performed on human skin cells in vitro, which demonstrated the hormetic nature of the Sanchi extract by its ability to induce the synthesis of a stress protein, LVMH labs had also undertaken studies on testing the effects of Sanchi extract on the facial characteristics of human volunteers. These tests were performed in accordance with the widely accepted and standardised protocols for such studies, including obtaining the appropriate ethical permissions (Glaser, 2004; Hunt et al., 2010) . A cosmetic formulation containing Sanchi extract was tested on up to 43 healthy women volunteers for a period of up to 1 month. Some of the main results obtained in these studies included the maintenance of skin firmness as measured by a cutometer, and a significant improvement in the orientation and depth of facial wrinkles (data not shown here). As a result of these studies, a skin care cosmetic product, brand-named "Vax'in For Youth", was launched in 2010 by Givenchy (http://www.givenchy.com/), as a novel product developed from the ideas of hormesis.
CONCLUSION AND PERSPECTIVE
In this article we have presented a case study of the development of a novel skin care product, which is based in the concept of hormesis and hormetins. This is an example of incorporating the latest scientific concept in the development of health care prodcuts and challenging the prevalent view that stress is always harmful. Furthermore, this also demonstrates that being aware of the phenomenon of hormesis can result in discovering the usefulness of new compounds which otherwise may have been rejected due to their molecular effects of stress induction.
This study also shows that rigorous scientific experiments using appropriate model systems are necessary in order to elucidate the molecular mechanisms of action and to establish the chemical nature of the compound. For example, treatment of human skin cells in vitro with Sanchi extract resulted in HSR but not in Nrf2 response, thus indicating that Sanchi does not induce oxidative damage in human cells and may not affect anti-oxidative pathways immediately. Instead, Sanchi brings about its cell strengthening effects by hormetic stimulation of HSR via mild denaturation and enhanced removal of abnormal proteins. Furthermore, these results demonstrate that the induction of HSR by Sanchi at the translational level (about 24% increase in Hsp70 level) is within the expected range of physiological hormesis (Calabrese et al., 2007) and should not be harmful over a long term and repeated exposure. Induction of Hsp70 within this hormetic range by other stresses such as exercise is generally considered to be safe and beneficial in almost all circumstances, including cancer. However, further studies are required to confirm that the molecular effects of Sanchi observed in human keratinocytes and dermal fibroblasts in vitro also occur in the skin in vivo.
Another important lesson to be learnt from this case study is that observing a particular biological end-result in response to a treatment Hormetic cosmetic with a test compound may not imply a straight forward chemical nature and mode of action of that compound. For example, the biological endresult of being antioxidative is often interpreted as an evidence for the compound itself being a chemical antioxidant in terms of being a direct scavenger of ROS, which can be incorrect and misleading (Halliwell, 2000; Pun et al., 2010) . Various polyphenols, flavanoids and spices are examples of such compounds which have anti-oxidative effects but without being direct chemical antioxidants (Birringer 2011 , Lima et al., 2011 . The concept of physiological hormesis, however, implies that a biologically beneficial antioxidative end-result can be achieved by hormetins, such as curcumin and ferulic acid, which actually cause some oxidative damage (Barone et al., 2009; Lima et al., 2011) . Since identical biological end-results could be achieved by activating mechanistically very different pathways, it is very important to know the earliest step(s) in the mode of action of a compound for establishing its uniqueness and specificity. Such knowledge can also be useful in claiming the intellectual property rights and to facilitate further modifications and applications of the compound.
Applying the concept of hormesis in testing the effects of natural and synthetic compounds by analysing various SR pathways can help to screen and select potentially useful compounds with specific targets. Some suggestions for discovering novel hormetins by activating different SR pathways are: autophagic response for food-restriction mimetics, DNA repair response for UV-protectors, sirtuin response for mitochondrial energy production enhancers, Nrf2 response for antioxidants, and NF-κB response for anti-inflammatory compounds (Rattan and Demirovic, 2010a; 2010b; Yang et al., 2011). Finally, the success of a hormetin-based skin care product can be instrumental in the social recognition and acceptance of the concept of hormesis as the beneficial effects of mild stress of choice. A change in the social perception of stress through scientific understanding of the hormetic nature of stress will open up possibilities for developing many other lines of health care products and technologies using physical, mental and nutritional hormetins.
